Introduction
Medication error (ME) is defined as failure in the treatment process causing harm to the patient. 1, 2 In addition to weakening the patients' confidence in medical services, MEs also impose substantial costs on the health sector. 3 MEs prolong hospital stays by 2 days and increase the costs by $2,000-$2,500 per patient. 4 To improve patients' health, it is essential to have adequate information about the epidemiology of MEs and adverse drug events in order to identify the root causes of failures in medication use processes. 5 The main objective behind the ME reporting system is to determine how such errors can be reduced through improved patient safety services. 6 An emergency department (ED) is among the most frequently visited departments of a hospital admitting only patients with critical and occasionally life-threatening diseases. 7 Sudden unpredictable events occurring in an ED have made this place an 
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Vazin et al environment known for its high potential for MEs; as a matter of fact, nearly 3% of all undesirable hospital accidents are related to this department. 8 Based on national data sources on MEs, Santell et al claimed in their article of 2004 that 11,000 MEs were reported to occur across 484 EDs over a 5-year period. 4 .8% of these errors threatened the patients' health and caused five deaths. 9 Given the significance of MEs in EDs and the inadequacy of data on the rate of these errors in Iran, the present study was conducted in order to assess ME rates, and types of MEs occurring in the ED in a teaching hospital in Iran.
Method
The present study was conducted from December 2013 to February 2014 in the tertiary care ED of the largest medical teaching hospital of Shiraz. This level of the department has five different units, including two surgical units, one neurological unit, and two internal medicine units with 40 beds overall.
Patients were selected according to random numbers and the ones who had spent less than 6 hours in the ED and those not receiving medications were excluded. In order to assess error rates, the disguised direct observation method was used by a trained observer (student of pharmacy). Observations were made directly and in disguise, with the department staff therefore unaware of the objectives of the study. The observer had previously received training in the ED for a month on the principles and methods of error collection by a clinical pharmacist. Observation shifts included two 6-hour morning and evening shifts, from 8 am to 2 pm and then from 2 pm to 8 pm. Observed shifts were almost equally divided between the morning shifts and the evening ones. The number of study participants was determined based on previous studies conducted in the ICU departments of two hospitals through the disguised direct observation method. 10, 11 At the confidence level of 95%, ME prevalence rate of 44%, error of 7%, and α=0.05, minimum sample size was calculated to be 194. The data collection form was designed by a clinical pharmacist and then revised and approved by another independent clinical pharmacist.
Patients' demographic information, history of disease and medication, chief complaint, diagnosis, tests, and physicians' prescription (name of medications, dosage forms, medication doses, route of administrations, and dosages frequency) were recorded at the time of admission and the patients' conditions were monitored through to the end of each shift.
Meanwhile, the nurses' personal information, including biological gender, age, work experience, and other information such as the nurse-patient ratio and doses administered during the observation shift were recorded so as to calculate any potential association between these variables and MEs.
According to the classification and definition provided by the National Coordinating Council for Medication Error Reporting and Prevention system, MEs are generally categorized as prescription, transcription, dispensing, and administration errors. 12 The present study investigates prescription, transcription, and administration errors.
The administration of medications was evaluated taking into account interactions, clinical and laboratory data, patient's current condition, allergies, disease and medication history, family history, and contraindications, and also considering the issues of right dosage, dosage frequency, dosage form, timing and route of administration, and appropriate monitoring of the medications using credible references. [13] [14] [15] [16] [17] Ultimately, data on all observed doses were separately analyzed by a clinical pharmacist whose final opinion was then recorded in the error form.
In order for data analysis to be conducted, prescription errors, administration errors, and transcription errors were each separately entered into the statistical software. Entered data were processed using SPSS-21 software (SPSS, Chicago, IL). Percentage and mean ± standard deviation were used to presenting the categorical and continuous variables, respectively.
Results
A total of 202 patients (118 males and 84 females) with a mean age of 53±18.17 years were studied over a 3-month period. The total number of prescriptions ordered for these patients (n=202) was 1,031 doses with a mean number of 5.1±6.48 medications prescribed to each patient. Therefore, 1,031 medication doses were observed over 54 8-hour shifts, 596 (57.8%) of which were administered to men and 435 (42.2%) to women ( Table 1) . Of the total number of medications prescribed, the highest frequency pertained to the group of antimicrobial (24.3%), cardiovascular (15.9%), gastrointestinal (14.6%), and anticoagulant (11.4%) medications, in respective order (Table 2) , with the highest frequency of errors pertaining to cardiovascular (27.2%) and antimicrobial (23.6%) medications. Most medications were administered orally (54.5%) and through intravenous infusion (27.7%) ( Table 3) .
Of the 1,031 medication doses, a total of 406 (39.4%) were administered by male nurses and 625 (60.6%) by Note: *Since the standard deviation is larger than the mean, the median is reported instead of the standard deviation (median =5.00).
female nurses. The mean age of nurses was 26.7±5.1 years with a median work experience of 5±4.7 years. The nurseto-patient ratio varied from 1:4 to 1:18 (Table 4 ). The less experienced nurses (P=0.04), higher patient-to-nurse ratio (P=0.017), and the morning shifts (P=0.035) were positively related to administration errors. Overall, of the 202 patients under study, 195 (96.5%) had experienced at least one ME, and of the 1,031 medication doses observed, 707 (68.5%) errors were recorded, making the rate of errors 3.5 per patient.
The frequency rate of errors is presented in Table 5 by general and categorical distinctions. The rate of MEs is reported as the frequency of errors occurred per every 100 doses observed. Administration errors had the highest rate (37.6% of errors). In addition, of the variety of administration errors made, the highest frequency of errors 
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Vazin et al pertained to omission (7.6%) and wrong time errors (4.4%), in respective order.
It is a different case with monitoring errors. Of the 1,031 medication doses studied, only 134 required monitoring. The rate of monitoring errors is therefore 5.1%.
Other administration errors pertained to the majority of oral medications administered to the patient by their companion, and, as already mentioned, oral administration was most frequently prescribed (54.5%) and patients received most of their medications through this route. However, the present study took this error to occur in only one oral medication per patient -an error that occurred in 153 patients.
Discussion
Overall, in this study, the rate of MEs was found to be 68.5%. The frequency of errors of administration, prescription, and transcription were 37.6%, 21.1%, and 10.0%, respectively. The high rate of administration errors compared to other errors is likely due to the high patient-nurse ratio in the hospital's tertiary care ED (at times, the number of patients in one unit even reached 18 with only one nurse responsible for the preparation and administration of medications). The patients were therefore exposed to a greater risk of medication administration errors.
According to the previous research, direct observation is a valuable method for detecting MEs, also yields reliable results. [18] [19] [20] Because of the differences of definitions and the variety of error detection methods, it is difficult to compare statistics reported on the incidence of errors in different studies.
In a study conducted by Rothschild et al on MEs recorded by ED clinical pharmacists across four teaching hospitals, 17,320 medications prescribed for 6,471 patients were studied, 0.078 errors per patient, and 0.029 errors per medication were recorded. 21 The highest rate of errors pertained to dosing errors, drug omission, and wrong frequency errors. Rothschild et al concludes that, in most cases, the ED pharmacist can reduce potentially harmful MEs that might be imposed on the patient by the physician's prescription process, or the nurse's administration. 21 The rate of errors observed in the mentioned study is lower than in the present study, in which 3.5 MEs occur per patient and 0.685 errors per medication. One of the reasons for the disparity of results is that MEs with a lower potential of harm to the patients were excluded from Rothschild et al's study, while, in the present study, any and all MEs were reported irrespective of their level of harm. Furthermore, in the mentioned study, the computerized physician order entry (CPOE) method was used in the three EDs under study, and all four departments benefited from the presence of an ED pharmacist, both of which can be major reasons for the lower rate of errors compared to the present study. The higher rates of errors during the administration stage found by the present study might be attributed to the failure to prepare medications in the central pharmacy of the hospital and also to the underestimated prescription errors caused by underestimated indication errors.
In a study using the direct observation method, 178 MEs were recorded for a total of 192 patients, with 59.4% of the patients having had at least one ME. 22 In Patanwala et al's study, most errors had occurred in the prescription (53.9%) and the administration (34.8%) stages; 22 however, there were 
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Medication errors in an emergency department fewer administration errors in comparison with our study. The researcher believes that recording prescription and transcription errors is easier, as the investigation and observation of the administration stage performed by the nurse might raise questions for the observer, and any interference with the nurse's job might distract her from her performance. 22 It is therefore possible for the severity and incidence of MEs, particularly during the administration stage, to have been underestimated.
In a study conducted by Zeraatchi et al in the ED of Tehran teaching hospital, 500 patients and 1,291 medication doses were examined. 23 Twenty-two percent of the patients had experienced at least one ME and 16 errors had occurred in every 100 doses. The highest rate of error occurred in the prescription stage (60.8%) and pertained to wrong dose and frequency errors. Compared to the present study, the rate of prescription errors was higher. Zeraatchi et al believe the high rate of prescription errors in our country to be owing to our use of the traditional paper method for prescriptions, while in other countries, the CPOE system is used, which reduces some problems associated with physicians' poor handwriting and transcription errors and also may reduce prescription errors by issuing system warnings, in case of possible drug interactions and wrong dosage forms. Although we cannot fully rely on CPOE to prevent all types of errors, because the CPOE itself can contribute to occurrence of some potential errors. 8 Nevertheless, prescription errors found in the present research were lower, which might be attributed to the observation of all morning, evening, and night shifts in Zeraatchi et al's study when, in the present study, only the morning and evening shifts were observed.
In a study conducted in the ED of Shariati teaching hospital of Tehran, 203 MEs (50.5%) were recorded over 180 hours, with reported error rates being 33% for prescription, 63.6% for administration, and 3.4% for monitoring. 24 The higher rate of administration error is consistent with our study.
In another study conducted in an academic hospital on 94 ED nurses through the opinion survey method, the risk of MEs was found to be high among nurses; in fact, MEs were a major issue of ED's nurses. 25 According to this study, the main causes of MEs occurring in the ED is the insufficient number of nurses, the lack of adequate knowledge on medications and fatigue due to huge workloads. In Ehsnai et al's study, only administration errors made by nurses were investigated, with the most common errors in this area being inappropriate infusion rates (33.3%) and the administration of two medications instead of one (23.8%). 25 The disparity in rates of administration errors might be due to the different error collection method used in the mentioned study compared to the present study.
In our study, the highest rates of errors pertained to cardiovascular (27.2%) and antimicrobial (23.6%) medications. In Zeraatchi et al's study, the highest rate of errors pertained to cardiovascular medications, in particular, anticoagulants and thrombolytics (41.2%) followed by antimicrobial agents (37.7%). 23 In the present study as well as Zeraatchi et al's study, the highest rates of errors pertained to cardiovascular and antimicrobial medications, which might be due to the high amount of cardiovascular patients' referral to our ED.
We consider the administration of prescribed oral medications by the patient's companion, administration error due to possible inadequacy of the companion's knowledge about the medication regimen especially when multiple drugs should be taken together, possible higher patient noncompliance in taking prescribed drugs leading to omission, and inadequate communication between nurses and patient companion because of the crowded nature of ED. All of these factors can lead to higher ME occurrence.
We encountered a number of limitations during the conducting of this study, including: 1) Although using the direct observation method for determining MEs was found to cause small negligible behavioral changes in the observed, results obtained are still valid and reliable. 26, 27 It is also possible for the observer to fail to record certain MEs over the course of the study; nevertheless, data from the present study as well as from previous research collected through the direct observation method, prove that common errors are missed less, comparing to voluntary reporting methods. 6, 10 2) Due to the patients' short hospital stays, we were therefore not able to evaluate the level of harm of MEs.
3) The impossibility of collecting data during overnight shifts due to the hospital's lack of cooperation with the observer for remaining in premises during these hours. This may be a significant concern, as sleep deprived staff or lower staffing at night may contribute to higher level of MEs; additional research about the impact of overnight shifts on ME rates are needed. 4) Probably many other factors (such as the training level of residents or nurses) can be contributing to MEs; however, further research is needed to identify them, and implementing actions to reduce the high rate of MEs. In this study, 96.5% of patients had experienced at least one ME. So the rate of MEs is alarming, which requires 
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Vazin et al implementing policies to prevent them. Among the various medication use processes, administration errors had the highest share of errors, and among administration errors, most common errors were the error of the administration of prescribed oral medications by the patient's companion, followed by omission and wrong time errors. It appears that the presence of a clinical pharmacist in the ED of hospitals for the purpose of providing consultation to the physicians and responding to the nurses' questions about medications can have a decisive role in the prevention and reduction of MEs. Further research to identify the flaws in the system and implementing interventions to block the MEs propagation at a very early stage are needed.
